Object. Sport-related concussions (SRCs) in high school and college athletes represent a significant public health concern. Research suggests that younger athletes fare worse symptomatically than older athletes after an SRC. Using reliable change index (RCI) methodology, the authors conducted a study to determine if there are age-related differences in number, severity, and resolution of postconcussion symptoms.
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C onCussion, also termed "mild traumatic brain injury," is a complex pathophysiological process induced by traumatic biomechanical forces to the brain. 3 In the US, 1.6-3.2 million traumatic brain injuries (TBIs) occur each year, with the majority classified as mild and over 50% occurring in children. 11 More than 300,000 TBIs result from sports-related activities each year in the US. 33 Sports-related concussion (SRC) has been found to account for more than 10% of all athleticsrelated injuries in high school athletes. 19, 25 From 2001 to 2009, emergency department visits for SRC in children and adolescents increased by over 60%, with the highest rate of SRC emergency department visits occurring in individuals aged 10-14 years. 20 Sports-related concussion represents a growing problem that affects athletes at the middle school, high school, collegiate, and professional levels.
Data from the National Athletic Trainers' Association from 1995 to 1997 indicate a high school SRC rate of 3.6% compared with a collegiate SRC rate of 4.8%. 14, 28 Most recently, Gessel et al. reported that the incidence of SRC among high school athletes was 3%-6%. 18 Concussions make up nearly twice the proportion of total injuries at the high school level compared with the collegiate level. 18 These differences in SRC rates at the high school and collegiate levels indicate a possible disparity in injury patterns between different age groups.
At the 3rd Concussion in Sport (CIS) group meeting Does age affect symptom recovery after sports-related concussion? A study of high school and college athletes held in Zurich in 2008, 27 international concussion experts agreed that an athlete's age represented a "modifying" factor having the potential to influence concussion management and predict a protracted recovery. The consensus was that age less than 18 years is a modifying factor. Although there was unanimous agreement that the evaluation and management recommendations could be applied to children and adolescents as young as 10 years old, the CIS group concluded that "because of the different physiological response and longer recovery after concussion and specific risks related to head impact during childhood and adolescence, a more conservative return to play approach is recommended." 27 Middle and high school athletes are at an earlier stage of neural development, with concussion possibly leading to delayed recovery. 16 High school and youth athletes are of special concern to those engaged in the SRC debate.
Symptom management is a cornerstone of concussion treatment. Commonly reported postconcussion symp toms include, but are not limited to, headaches, dizziness, fatigue, irritability, reduced concentration, sleep disturbance, memory dysfunction, anxiety, sensitivity to noise, double or blurred vision, sensitivity to light, and depression. 1, 5, 29 Symptom resolution is often the final factor taken into account when returning an athlete to play. 6 Although most of these symptoms resolve in a short period of time after the injury, a minority of individuals suffer from long-term sequelae even 12 months after injury.
1,9,15 Postconcussion syndrome in the young athlete can result in his or her removal from play and lead to reactive depression and interference with school and extracurricular activities. 8 Young athletes can have wide variation in physiological and neurobehavioral symptoms after SRC. 23 Controversy exists regarding the relationship between age and symptoms of concussion. Covassin et al. 13 tested 837 college and 779 high school athletes and found that high school athletes reported more baseline somatic/migraine symptoms than college athletes, whereas college athletes reported more emotional and sleep symptoms than high school athletes. 13 All participants with a history of TBI were excluded, and return to baseline symptoms after SRC was not investigated. In a separate, prospective study investigating the effect of age on symptom recovery after SRC, Covassin and colleagues 12 evaluated 150 high school and 72 college athletes who sustained concussions. The authors found no difference in total symptoms by age group, and they reported that both high school and college athletes returned to baseline symptom scores by 14 days. 12 This study did not control for the participants' concussion history.
However, a retrospective observational study by Cantu et al. 7 did find an association between age and duration of symptoms in 145 concussed athletes younger than 18 years of age and 70 concussed athletes 18 years or older. The older cohort had a greater average duration of symptoms, although there was no age-related difference surrounding the presence of symptoms and number of symptoms. A history of concussion was not used as an exclusion criterion. Conflicting results have been reported by Field et al., 16 who found that high school athletes with a concussion had a significant increase in postconcussion symptoms relative to control subjects on Days 1, 3, and 5 after injury, while college students had no significant differences by Day 5. These results seem inconsistent given that a history of multiple concussions has also been linked to more concussion-related symptoms at the time of baseline testing 30 and that college athletes had a significantly higher rate of concussions in this study. 16 A synthesis of the aforementioned studies suggests that prior concussion may be a relevant factor in the endorsement of postconcussion symptoms at both the high school and collegiate levels.
We endeavored to assess for age differences in postconcussion symptoms and time to return to symptom baseline following SRC in matched cohorts of 13-to 16-year-old and 18-to 22-year-old athletes. Despite the fact that Covassin et al. 13 found no differences between age groups and a number of conflicting results, we based our hypothesis on the most recent CIS consensus statement that regarded age as a predictor of a protracted recovery. We hypothesized that younger athletes, compared with older athletes, would: 1) endorse more symptoms postconcussion, 2) endorse increased symptom severity postconcussion, and 3) experience increased average time to return to symptom baseline as measured by the Total Symptom Scale (TSS).
Methods

Study Design
Institutional review board approval was obtained prior to data collection. Our study has a retrospective, observational design. Participants were recruited from high schools and colleges in western Pennsylvania between 2009 and 2011 as part of a regional neurocognitive testing program. Some participants were recruited from middle schools; these student athletes are included in the high school group. Data were collected primarily by certified athletic trainers and doctoral level neuropsychologists at high schools and colleges and in a sports concussion specialty clinic in the Pittsburgh metropolitan area.
After written informed consent was obtained from the athlete or his/her parent/guardian, all athletes completed a baseline symptom inventory questionnaire, the TSS, which is included in the ImPACT (Immediate PostConcussion Assessment and Cognitive Testing) software 26 as part of routine athletic care. The TSS was completed prior to sport participation at each athlete's school, in a controlled group-setting environment with minimal distractions. All ImPACT tests were proctored and administered in an isolated, quiet room, in a group setting.
Data Collection
We chose to use the ImPACT battery to obtain baseline symptom data. All patients took postconcussion ImPACT tests as part of routine clinical care and were matched with other participants on the number of days to first postconcussion test. ImPACT is a commercially available computerized test for SRC that provides symptom and neurocognitive test data. 26 In addition to providing neurocognitive scores, ImPACT's TSS component is a concussion symptom inventory consisting of 22 items, each rated on a 7-point Likert scale (Scores 0-6), that assess for the presence and severity of symptoms after a concussion. 24 The TSS scores can be reported in terms of number of symptoms present (range 0-22) or in terms of symptom severity (range 0-132). Previous studies have shown the TSS to be valid 10, 31 and reliable relative to SRC assessment. 24 In the current study, raw scores were recorded for the TSS.
As pertains to our hypothesis, 3 key distinctions were made when evaluating an athlete's symptomatology: 1) Symptom presence: this was an all or none, dichotomous phenomenon for each individual symptom. Athletes either had a symptom, with a score of 1-6, or did not have a symptom, with a score of 0.
2) Severity of symptoms: this was a graded phenomenon for each individual symptom. Athletes endorsed the severity of each symptom, with 6 possible gradations of that specific symptom, from 1 to 6.
3) Total symptoms: the gradation of individual symptoms was not of concern. Rather, we focused on the total number of symptoms. If Athlete A endorsed only headache and nausea, while Athlete B endorsed only photophobia and inattention, the total symptom score in both patients would be the same regardless of their individual symptoms.
The timing of the administration of ImPACT testing was dictated by clinical factors rather than by a standardized research protocol. The primary dependent variable was operationally defined as the number of days until the TSS score returned to the participant's own baseline for the TSS indexes. Using reliable change index (RCI) methodology set at the 80% confidence interval, 21 raw change scores equal to or greater than 9.18 points for TSS symptom severity met criteria for a statistically significant change. Any difference between postconcussion symptom severity score and baseline less than this value was defined as a return to baseline.
Selection of Participants
Following head trauma, the diagnosis of concussion was established based on the following on-field or sideline signs or symptoms: 1) lethargy, fogginess, headache, and such; 2) alteration in mental status; 3) loss of consciousness; or 4) amnesia. The diagnosis of concussion was made by an athletic trainer or team physician. Following the recommendations of the CIS consensus guidelines, no grading system was used to rate the severity of the concussion.
The inclusion criteria for the current study were as follows: 1) age 13-16 years or 18-22 years at time of concussion, 2) enrollment as a high school (in some cases middle school) or college athlete, 3) valid completion of up to 2 postconcussion ImPACT testing data points, and 4) fluency in English. Exclusion criteria were as follows: 1) ages less than 13, equal to 17, or greater than 22 years; 2) self-reported history of special education, speech therapy, repeated year(s) of school, learning disability, attention deficit hyperactivity disorder, dyslexia, or autism; 3) self-reported history of brain surgery or seizure disorder; and 4) self-reported history of treatment for drug/alcohol abuse or psychiatric illness. We purposely excluded athletes 17 years of age to clearly delineate the 2 cohorts based on age.
Matching of Age Cohorts
The final sample of the study participants was formulated by the following process. From the regional database of athletes, we identified 740 participants who had previously completed valid baseline ImPACT testing and then gone on to suffer an SRC. An invalid baseline test was defined operationally as an ImPACT Impulse Control Composite score of greater than 30. Of these 740 athletes, 126 were outside of the age range of our study, and 112 had a history of special education, speech therapy, repeated year of school, or learning disability and were excluded from the study. Of the remaining 502 eligible participants who sustained a concussion during the study period, 184 (92 in the 13-to 16-year range and 92 in the 18-to 22-year range) who had completed at least 2 postconcussion ImPACT tests were matched based on the number of prior concussions and were subsequently included in the study. A flow chart showing the breakdown of patients included in the study is shown in Fig. 1 . The 13-to 16-year-old and 18-to 22-year-old cohorts all met inclusion criteria and were successfully matched based on the number of prior concussions. 
Statistical Analysis
Descriptive statistics are reported as mean ± SD for continuous variables and as frequency and proportion for categorical variables. The proportion of participants endorsing symptom presence was compared between the 2 age groups using Fisher exact and chi-square tests. Viewed as means and standard deviations, the severity of individual symptoms and the total symptom score (calculated as the sum of severities of individual symptom scores) for both age groups were assessed at baseline and at first postconcussion test date and compared using the Mann-Whitney U-test. The significance of the difference between the 2 age groups for the aforementioned measures was evaluated according to a Bonferroni correction at an alpha of 0.05/22 = 0.0023. For participants whose ImPACT TSS score returned to baseline within the 30-day study period, we calculated the number of days it took the score to return to baseline, using the RCI at the 80% confidence level. For each symptom score, the mean number of days it took for the score to return to baseline was compared between the 2 age groups using a Mann-Whitney U-test, and the significance of this difference was evaluated at a = 0.05. None of the cases included in the final analyses had any missing data. Statistical analyses were performed using IBM SPSS Statistics, version 20.0.0 (IBM Corp., 2011). Mean results are presented ± SD.
Results
By design, there was a difference in the average age and number of years of education between the age groups. The younger group averaged 15.0 ± 0.8 years of age and 8.6 ± 1.0 years of education, and the older group averaged 19.1 ± 1.1 years of age and 12.1 ± 1.5 years of education. Furthermore, as might be expected given the group age differences, there were differences in physical characteristics. The mean height, weight, and body mass index were 66.2 ± 3.4 inches, 139.8 ± 30.6 pounds, and 22.3 ± 3.6 for the younger age group, respectively, and 68.6 ± 4.3 inches, 166.6 ± 42.6 pounds, and 24.7 ± 4.2 for the older age group, respectively. The groups were matched for sex, and thus there was no difference in sex composition, with 52 females (56.5%) in each group. Matching also was completed with concussion history, and both groups had an average of 0.2 ± 0.6 prior concussions. The distribution of the type of sport resulting in the concussion did not differ between these groups. These results are summarized in Table 1 . 
Symptom Presence: Baseline and Postconcussion
At baseline, there were no statistically significant group differences in the number of symptoms (a self-reported symptom score > 0) for headache, nausea, vomiting, balance problems, dizziness, fatigue, trouble falling asleep, sleeping more than usual, sleeping less than usual, drowsiness, sensitivity to light, sensitivity to noise, irritability, sadness, nervousness, feeling more emotional, numbness or tingling, feeling slowed down, feeling mentally foggy, difficulty concentrating, difficulty remembering, and visual problems.
There were also no statistically significant intergroup differences in the number of postconcussion symptoms. Both younger and older age groups reported a similar total number of symptoms at both baseline and at the postconcussion time points. These results are presented in Tables 2 and 3 .
Symptom Severity: Baseline and Postconcussion
There were no age-based differences in the severity of baseline symptoms as determined by assessing the average of the self-reported symptom score (from 0 to 6).
No between-group differences were found for postconcussion symptom severity scores. There were also no intergroup differences in total symptom score at baseline or after concussion in terms of total symptom score. These results are presented in Tables 4 and 5 .
Return to Baseline Score of Total Symptoms After Concussion
Symptom scores in 88 (95.7%) of the younger participants and 89 (96.7%) of the older participants returned to baseline within 30 days of concussion (p > 0.999).
For patients in whom scores returned to baseline postconcussion, the time to return to baseline was similar between both age groups, with the younger group averaging 6.9 ± 5.5 days and the older group averaging 5.7 ± 4.1 days (p = 0.087). Although this did not reach our threshold of 0.05, it bordered on statistical significance. These results are presented in Table 6 .
Discussion
The Concussion in Sport group has indicated that younger age is a modifying factor in SRC. 27 Prior empirical studies of age-related symptoms reported post-SRC have yielded mixed results. 7, 12, 13, 16 These prior studies have not systematically matched groups on the demographic variables of concussion history, sex, sport, and time of testing postinjury. We endeavored to assess acute symptom differences after SRC in 2 different age groups, taking into account the additional demographic variables described in Methods. We hypothesized that, compared with older athletes, younger athletes would 1) endorse more symptoms postconcussion, 2) endorse increased symptom severity postconcussion, and 3) have an increased average time to return to symptom baseline, as measured by the TSS. We found the following: First, there were no intergroup differences of significance at baseline. Second, younger and older athletes experienced an equal number of symptoms after SRC. Third, younger and older athletes experienced equal symptom severity after SRC. Fourth, younger athletes took an average of 1.3 days longer to return to their preconcussion total symptom profile, which bordered on (but did not meet) the conventional level of statistical significance (p = 0.087). These results support the finding that younger and older athletes exhibit similar symptom profiles following SRC, with a slightly increased time to return to symptom baseline in younger athletes.
As mentioned in the earlier discussion of age-related symptoms, the evidence to date has been conflicting, with several studies showing age differences in post-SRC symptomatology. 7, 12, 13, 16 However, we found no such differences in our study. In testing mean scores between the groups, prior studies have shown a difference in younger versus older athletes' symptom endorsement. Previous studies have not used RCI methodology. Reliable change index-based scores in SRC research use an athlete as his/ her own control, as opposed to focusing on mean group differences. These scores take into account normal variability in symptoms from time point to time point, testretest reliability of the measure employed, and other typical sources of error variance found in the measurement of human cognition and behavior. Symptoms are states and vary from day to day, with or without concussion injury. Utilizing RCI-based scores is one method of accounting for potentially extraneous sources of variance in symptom reporting. It may be useful for the sports medicine clinician to use RCI-based scores when addressing the symptom component of the SRC puzzle because reliance on number and/or ratings of symptom severity may not capture the symptom picture accurately.
As the incidence of SRC has risen over the past decade, so has awareness of and concern for athletes participating at all skill levels. Because of their level of neurological development, younger athletes may be at an inherently higher risk for acute neurocognitive deficits and more severe postconcussion symptom profiles. However, based on new results, some authors have proposed that long-term SRC outcomes should also be considered. Recently, there have been studies indicating that the effects of mild TBI and SRC in adults 2, 17 and professional athletes 22 may extend beyond the days it takes to return to neurocognitive and symptom baseline. These reports have created much more concern for the incidence of SRC in children and children's subsequent recovery. However, we believe that the question of the long-term effects of mild TBI and SRC will be addressed best by prospective, controlled, and longitudinal studies utilizing multimodal assessment methodologies. Until the results of such studies are available, we can only advise caution in reaching premature or unfounded conclusions.
Although the focus of our study was on postconcussion symptom profile and return to symptom baseline, several authors have published work on neurocognitive testing following SRC in various age groups. These studies, relating neurocognitive deficits and return to neurocognitive baseline scores, have provided some of the only age-related data on SRC outcome and have produced inconsistent results regarding time to return to neurocognitive baseline. 4, 16, 32, 34 Due to conflicting findings, further categorization is needed to stratify the effect of age on SRC. Our study aimed to further elucidate age disparities in concussion management by analyzing symptoms post-SRC.
The present study has several methodological strengths. First, many demographic variables previously not systematically controlled for in prior studies were addressed here. We controlled for sex, concussion history, multiple biopsychosocial variables, and time of testing postconcussion. We controlled generally, but not specifically, for the variable of sport as a between-group factor. We addressed variations of the symptom variable, including presence of a symptom, symptom severity, and total score. We found that when these variables were controlled for adequately, the previously noted age-related symptom differences reported in prior studies disappeared. A Bonferroni correction was applied to individual symptom comparisons to ensure that the Type I error rate for comparing symptom presence and severity at baseline and post-SRC testing was correctly adjusted to a significance level of 0.05. In addition, we used RCI-based scores, as opposed to group means, which assessed the athletes' return to their own baseline TSS score and eliminated the effect of between-group and between-individual differences in baseline TSS scores.
Conversely, our study has limitations. First, this was not a prospective study but a retrospective cohort study of a convenience sample of clinical participants. Second, there was no standardized protocol for a post-SRC testing timeline. Participants included in the study completed 2 post-SRC ImPACT/TSS tests, although it was not required of them to be tested at specific intervals post-SRC. This aspect reflects the clinical nature of the study and the variable practices of sports medicine clinicians. We sought to standardize the testing interval by including the number of days between the concussion and the first post-SRC ImPACT test as a criterion used for matching. Accordingly, the number of days between concussion and return to baseline in each individual athlete was assessed directly as the outcome variable. Third, it is possible that our statistical criteria may have been too stringent. A larger sample would allow for this determination, but our rigorous matching criteria precluded the use of a larger sample. Finally, all study participants were from one region of the country and may not represent practice in other regions of the United States.
Conclusions
Using RCI methodology in a closely matched cohort of athletes, there was no statistically significant difference between younger and older athletes in symptom presence, symptom severity, and total symptoms at baseline and postconcussion testing. In addition, there was no difference between younger and older athletes in return to symptom baseline postconcussion.
